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Factors which influence the distribution and abundance of intertidal organisms 
are closely linked to daily tidal rhythms which establish a complex-gradient of 
environmental conditions from high to low intertidal. On intertidal sandflats in 
particular this complex-gradient comprises a continuum of biological and 
physical forces influencing the recruitment and maintenance of benthic faunal 
popu !at ions. 
This study is a description of some aspects of the macrofauna! structure and 
organization of an intertidal sandflat. Watling (1975) distinguishes between 
community structure (the distribution and abundance of component species) and 
organization (the functional relationships between species) although the words 
have been used interchangeably in recent literature. Previous studies on 
intertidal soft-substrata by Hummon ( 1974) and Mills ( 1969) have found gradual 
changes in fauna along elevation gradients rather than distinct zonation. This 
supports the continuum concept of community organization previously applied to 
vegetation (Whittaker 1967, Mcintosh 1967), arachnid communities (Vetz 1976) 
and avifauna (Terbough 1971, 1975). The density of individual species along a 
complex-gradient transect (e.g. elevation, moisture) often describes a bell-
shaped curve with maxima at unique points. Furthermore, the shapes of 
individual species curves have revealed both interspecific competition and 
ecotones when superimposed. 
Early studies of benthic communities were primarily descriptive accounts where 
assemblages were categorized by the presence of large, numerically dominant 
species (Petersen 1913, Shelford et al. 1935). More diverse marine communities, 
however, could not be meaningfully characterized by a few dominant species (see 
Mills 1969). In contrast, the recent use of benthic surveys for environmental 
baseline studies and incre<Jsing use of computers to process multivariate data has 
produced more complex quantitative methods for community analysis (Boesch 
1973, Day et of. 1971, Field 1971, Hughes and Thomas 1971). These have proven 
useful in extracting spatial and temporal faunal associations from large amounts 
of data. 
Recent experimental work in situ has enhanced the descriptive approach by 
determining some of the factors underlying intertidal community organization. 
The classic experimental manipulations by Connell ( 1961) and Paine ( 1966) 
demonstrated the importance of predation and competition in determining faunal 
and algal abundance patterns in the rocky intertidal. Woodin ( 1974) and Young et 
al. ( 1976) have documented changes in infaunal and epifaunal densities on soft-
substrata by either excluding or artificially manipulating the density of 
predators. Predation by shorebirds in the intertidal can be an important source 
of infaunal and epifaunal mortality (Davidson 1971, Goss-Custard 1977) but is 
limited by the duration and extent of exposure. During submergence, crabs, fish 
and rays can also exploit intert ida I food resources. 
Confronted with a diverse sandflat community of interacting organisms and a 
spectrum of physical forces, a meaningful community analysis should begin with 
a description of physical characteristics and faunal distributions over time. The 
functional importance of certain species in the community should then be 
investigated by using both field and laboratory experiments. Consequently, the 
purpose of this research was twofold: 
I) to apply the methods of similarity and gradient analysis to 
describe the faunal gradation an an intertidal sandflat and 
2) use these data to design a predator exclusion field 
experiment aimed at assessing the effects of shorebird, 
crab and fish predation on certain infaunal and epifaunal 
invertebrates. 
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II. PREDATOR EXCLUSION HYPOTHESIS 
Caging experiments in a variety of marine habitats have generally shown that 
predators are important in the organization of the community. Connell ( 1961) 
found the lower intertidal limits of Balanus balanoides to be determined by Thais 
predation while Paine ( 1966) found predation by Pis aster ochroceous a major 
foetor limiting the lower distribution of Mytilus colifornionus. Since shorebird, 
fish and crab predators were all common inhabitants of Lawson's Flat, small 
areas of the flat were caged over and the faunal changes monitored over a period 
of four months. 
Shorebirds ore able to exploit intertidal food resources only at low tides and 
usually feed along the tideline (Recher 1966). Conversely, numerous species of 
fish predate on intertidal fauna when the flats ore submerged. Some prey species 
such as epifaunal amphipods may be eaten by both groups. 
By excluding predators from above and below on observed ecotone at approxi-
mately the +0.4 meter level, it was hypothesized that the protected patches in 
the lower area would become a refuge for higher intertidal species which were 
vulnerable to shorebird predation. The treatment cages without sides would 
prevent birds, but not fish, from feeding in on experimental patch, while a totally 
enclosed patch would prevent feeding by both groups. If predation is a dominant 
structuring force, higher cages would harbor a greater number of lower intertidal 
species. In all cases, diversity within caged patches should decrease if a 
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Ill. STUDY SITE 
The study site was located on the lee side of a broad sandflat known locally as 
Lawson's Flat. It lies approximately two kilometers east of the entrance to 
Tomales Boy, California (Figure Ia). The flat has been formed mainly by wind 
deposition from sand dunes and beaches to the north, and the pronounced ripple 
marks on the flat indicate surficial scouring by tidal and wind generated 
currents. Sediment characteristics vary with tidal height, but consist mainly of 
clean, poorly sorted, medium-fine sand. The mixed diurnal tides have a mean 
range of 1.1 meters. Johnson ( 1965, 1967b) has described the physical 
characteristics of Lawson's Flat in detail. 
4 
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FIGURE 1A 
LOCATION OF TQ\IALES BAY AND STUDY AREA 
38°15'oo" 
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IV. METHODS 
A. COMMUNITY SURVEYS 
A 200 meter transect ranging in elevation from about + 1.1 m to -1.0 m relative 
to MLLW was established on the flat. Fifteen sampling sites were located at 8 m 
intervals for the first 112 m (Figure I b) and at 25m intervals thereafter for four 
subtidal sites. The intertidal sites were sampled in June 1975, September 1975, 
February 1976 and June 1976. Sampling was a stratified random design with 
three randomly located replicate cores (10 em dia. by 20 em deep) taken at low 
tide along a ten meter elevation contour at each site. Subtidal sites were 
sampled only in June 1975 using the same methods. 
Samples were placed in plastic bags, sieved through a 0.5 mm screen with running 
seawater and the residual preserved in 10% formalin until the fauna were picked 
and separated. All of the Tanaid Leptochelia dubio were counted on a hand 
counter due to their great abundance and small size. Specimens were then 
transferred to a 70% isopropyl alcohol solution and identified to species when 
possible using Smith and Carlton ( 1975) as the primary reference. The amphipods 
Corophium acherusicum, C. insidiosum, Paraphoxus epistomus, P. milleri and !:· 
tridentatus could not be identified to species. Oligochaetes and nematodes were 
not identified or counted. 
Biomass of the separated fauna in each sample was measured after blotting to 
remove excess moisture. 
B. SEDIMENT COMPOSITION 
Sediment samples were collected at each site in March 1976 for dry sieve 
analysis of grain size parameters. Samples of 50 g each were seived into l'2 phi 
units using methods described in Folk (1974). 
6 
FIGURE J..B 
DIAGRAM OF INTERTIDAL SAMPLING SITES ALONG LAWSON'S FLAT 
GRADIENT TRANSECT AND LOCATIONS OF PREDATOR EXCLUSION CAGES 
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C. VERTICAL DISTRIBUTION OF INF AUNA 
A special coring device was designed to obtain vertical sections of a core sample 
10 em dia. by 20 em deep. The core was I meter long and fitted with a plunger 
to push the sample out of the bottom of the tube for sectioning. The sample was 
sectioned into the following layers: surface- 2.5, 2.5-5.0, 5.0-10.0, IO.<H 5.0, 
15.0-20.0 (depth in centimeters). Each section was placed in a separate bag and 
processed in the same manner as the community samples. The sectioned cores 
were taken at each transect site and comprised the third replicate core for the 
June 1975 community sampling survey. 
The depth of the reduction-oxidation layer (redox) in the sediment was measured 
in the holes from which the sectioned cores were taken. A depth measurement 
was made where the color of the sediment changed from the light, sand color 
indicative of an oxidizing environment to the darkened color characteristic of 
the reducing layer in the sediment. 
D. SIMILARITY ANALYSIS 
In order to group sampling sites on the basis of their faunistic similarity, an 
unweighted mean pair-group average clustering technique was applied to a hemi-
matrix of Sh' similarity coefficients (Hummon 1974). This analysis is an 
agglomerative polythetic method in that it successively groups faunistically 
similar sites or groups of sites based on the abundances of several species. This 
contrasts with less rigorous divisive monothetic methods. Sh' similarity values 
were computed from the mean of a species abundance in the three replicates 
taken at each site. This coefficient combines species presence-absence data 
with abundances in comparing data sets. It therefore takes into account the mix 
of individuals among species within each of two samples being compared. The Sh' 




where A = species abundance at site A 
8 = species abundance at site B 
C = the Jesser amounts of the species common to both sites 
Hummon's modification: 
100 (2c') sh• =--~~~~----
(a'+b') + (b'-a') 
a' = H'd = (3.321928/N) (NlogN- nlogn) the species diversity value 
in bits for site a 
b' = H'd species diversity in bits for site b 
c' = (3.321928/n) (SlogS- slogs) with s the minimum percent 
similar composition values between site pairs 
For the June 1975 survey, the dendrograms were constructed using the mean 
abundances of all species at a particular site and also with ·only common species. 
The criterion for a common species was a mean abundance greater than 100 
individuals per square meter at sites where it was present. Computations were 
performed using a Fortran IV computer program. Similarity indices were used to 
form both dendrograms and coenocline similarity projections (Boesch 1977). 
E. PREDATOR EXCLUSION EXPERIMENTS 
After analysis of faunal data from June and September 1975, predator exclusion 
cages were placed above and below an ecotone found between sites 4 and 7. The 
cages were designed to exclude large predators which had been observed on the 
sandflat. The experimental design was a three-way analysis of variance with 
cage type, tidal height and time as treatment effects. The experiment was 
replicated in an adjacent area. 
9 
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Cages were 1.5 m square by 20 em tall, constructed of 1.3 em galvanized chicken 
wire and supported by 1.3 em diameter pipes at the four corners. Treatment ft I 
was totally enclosed in order to exclude all shorebirds, large fish and crabs. 
Treatment /12 had no sides so that fish and crabs had access to prey items 
beneath the caged area. Control areas 1.5 m square were established adjacent to 
the two experimental areas. 
Each treatment and control area was subdivided into 100-15 em squares from 
which three randomly located replicate cores were taken each month. Core 
samples were identical in size to those taken for community surveys. Sampling 
dates were April 4, May 6, June 2, July 8 and August II, 1976. The position of 
the cores was noted so that the same quadrat would not be sampled twice. It 
could be argued that this was not entirely random, since sampling occurred 
without replacement in the 25 foot square area, but 85% of the total 
experimental area remained unsampled at the conclusion of the experiment. 
Cores were processed identically to the community survey cores, but algal 
biomass in each core was recorded after thorough blotting. 
Cages were repaired and cleaned of drift and growing algae once or twice 
weekly. It was found that after two months the cages without sides would 
constantly trap drift Ulva and Zostera around the support posts. Due to the 
resultant scouring of the surface sediment beneath these cages, samples from 
this treatment were not processed. 
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V. RESULTS 
A. COMMUNITY SURVEYS 
A list of oil species sampled ond their abundances over the four community 
surveys is presented in Table A3. Over 82 species were identified, not including 
several groups of simil.or species lumped into congeneric categories because of 
taxonomic uncertainty. The June 1975 survey had the fewest species with 36, 
followed by September with 42, and 53 species recorded in both February and 
June 1976. Only 22 of the species were considered persistent, being present in 
all four surveys. 
Rank orders by abundance for common species throughout the year are listed in 
Table I. The mean abundances were computed only for sites where the species 
wos present, not along the entire transect. Leptochelia dubio was the numerical 
dominant larger than 0.5 mm in all surveys, often reaching densities in excess of 
2 20,000/m • Some species, such as Allorchestes angusta, fluctuated widely in 
abundance over the year, ranking second and third in September 1975 and June 
1976 respectively, but being uncommon in June 1975 and February 1976, This 
was true mainly for the algal associated species such as Platynereis bicanalicu-
lata, Nebalia pugettensis and Photis brevipes. 
Most of the numerically dominant species also occurred most frequently along 
the entire transect (Figure 2}. The mean percent frequency of occurrence for a 
species is based on presence or absence in samples and is a measure of a species' 
spatial and temporal consistency on the transect. Transennella sp. appeared in 
77% of all scrnples collected throughout the year while h· dubio and I_. tantilla 
were present in 68.5% and 69% of the community samples respectively. Several 
species which were seasonally abundant over small tidal ranges ranked low in 
percent frequency of occurrence (Aorides columbiae, Allorchestes anqusta, N. 
pugettensis}. In contrast, the polychaete Glycinde armigera was uncommon in all 
surveys but consistently present over a wide range of tidal heights. 
II 
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TABLE I 
Rank order by abundance of common species for all community surveys. 
"Common" defined as species density> IOO/m2 at sites present, 
Species types: (A) = amphipod, (B) = bivalve, (C) = cumacean, (F) = phoronid, (I) = isopod, 
(P) = polychaete, (T) = tanaidacean, (L) = leptostracan. 
Mean ranks computed for species common in at least 3 surveys. 
SPECIES (type) 
Leptochelia dubio (T) 
Exogone lourei (P) 
T ransennella sp. (B) 
Transennella tantilla (B) 
Corophium spp. (A) 
Lumbrinereis zonata (P) 
Phoronopsis viridis (F) 
Paraphoxus spp. (A) 
Aor ides columbiae (A) 
Haploscoloplos elongatus {P) 
t;Jotomastus tenuis (P) 
Mediornastus californiensis (P) 
Allorchestes angusta (A) 
Platynereis bicanaliculata (P) 
Nebalia pugettensis (L) 
Cumella vulgaris (C) 
Axiothella rubrocincta (P) 
Macoma nasuta {B) 
Nephtys caecoides {P) 
Photis brevipes (A) 
Excirolana kincaidi (I) 
Armandia brevis {P) 
mean 
rank 
JUN 75 SEPT 75 FEB 76 JUN 76 J< . s 
2 8 2 
3 5 7 
8 6 4 
7 7 5 
4 10 6 
II 9 8 
6 14 
II 10 
10 12 12 








































MEAN PERCENT FREQUENCY OF OCCURRENCE OF SPECIES IN Ca1'1LJNITY SAMPLES 
Species occuring in greater than 20 percent of all samples are identified. 
Total number of samples ~ 165. Total number of species ~ 8L 
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The mean number of species increased down the gradient with a mean of 5.7 
·species at the highest site compared to 22.3 at the lowest site (Figure 3). This is 
the richness component of a simple measurement of diversity. Most of the 
variability in number of species occurred in the lower area between sites and 
surveys (Figures 4a-d). 
The Shannon-Weiner diversity index was calculated from the mean abundance of 
replicates at each site and treated as a single sample. In one set of calculations, 
L. dubio was excluded because of its overwhelming numerical dominance, a 
feature clearly illustrated during February 1976 (Figure 4c) and June 1976 
(Figure 4d). There were no obvious trends in diversity as a function of tidal 
heights using the Shannon-Weiner diversity measure. 
Biomass at each site was highly variable (Figure 5). There were no apparent 
seasonal trends, however, the highest site consistently had very little biomass in 
comparison with all other sites. Large bivalves such as Macoma spp. and 
Protothaca staminea or the polychaetes Eupolymnia crescentis and Axiothella 
rubrocincta contributed to within site variability. A much larger sample would 
have been necessary to accurately assess the biomass at each site. 
B. GRADIENT ANALYSIS 
A generalized profile of the community transect and the abundance curves for 
eight common species is presented in Figure 6. The curves are based on mean 
annual abundances at each site but were only approximated in order to illustrate 
the type of curves generated by the direct gradient analysis technique of 
Whittaker (1967). The main purpose of this technique is to demonstrate the 
overlap and discontinuity between species on the gradient. 
Upper, middle and lower regions ("zones") were delineated based on greater rates 
of changes in faunal composition, algal density, sediment characteristics and 




MEAN NUMBER OF SPECIES PER SITE FOR ALL COMMUNITY SURVEYS 
Vertical lines represent one standard deviation 
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MEAN BIOMASS PER S~1PLE FOR ALL COMMUNITY SURVEYS (N = 10) 
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characteristic of a region may be found in adjoining regions but at lower 
densities. A more rapid change in tidal elevation between sites 14-13 and 6S was 
an indicator of the regional boundaries and may have been formed by increased 
duration of wove action at those levels. 
Detailed plots of the mean densities of five common species clarify the 
boundaries of their distributions (Figures 7o-e). Haploscoloplos elongatus is a 
burrowing polychaete which reached a maximum density of nearly 800/m2 in 
June 1975 but decreased subtantially (200/m2) in the same area by June 1976 
(Figure 7a). The upper level site 14 marked an abrupt upper boundary of the H. 
elongatus vertical range while the lower boundary spanned several sites in the 
lower region. 
Another burrowing deposit feeder and omnivore, Lumbrinereis zonata, had great 
temporal variability, being on order of magnitude more abundant in June 1975 
than in June 1976 (Figure 7b). Juveniles were most abundant during the June 
surveys and constituted the majority of specimens at the very highest sites. This 
polychaete was most abundant between the +0.65m and +0.85 m levels. 
Two species of the bivalve genus Transennella also had restricted intertidal 
distributions (Figures 7c, d). Transennella tontillo was spatially predictable with 
a narrow optimum range between sites 12 and 6. Highest population densities of 
nearly 3000/m2 were reached in February 1976 with a low at the_ same site of 
owroximotely 1000/m2 the previous June •. Transennello sp. was highly variable 
in both time and space. The rapid change in density between adjacent sites 
indicates a much patchier distribution as compared with its congener. Transen-
nello sp. reached maximum densities lower in the intertidal (site 7) than did I· 
tontillo (site 9). Both species are small suspension feeders which brood their 
young. 
The hbe builder Phoronopsis viridis maintained a dense population in the higher 
intertidal throughout the study (Figure 7e). This filter feeder was unable to 
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MEAN NUMBER OF LUMBRINEREIS ZONATA PER SITE FOR ALL SURVEYS 
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above site 8. The greatest number of!:· viridis, approximately IOOO/m2, were 
sampled in September 1975, climbing from the minimum sampled density of 
awroximately 300/m2 three months earlier. 
C. SIMILARITY ANALYSIS 
Clustered similarity coefficients in the form of dendrograms ore presented in 
Figures Ba-e and the common species used to compute the similarity coefficients 
are listed in the accompanying Tables 2a-d. Included are estimates of mean 
seasonal densities at sites present and locations of maximum density on the 
transect. 
A dendrogram constructed from all species sampled in June 1975 (Figure Sa) is 
first compared with one constructed using only common species (Figure Bb). 
Rare species reduced the homogeneity at starting levels of the hierarchy but the 
overall groupings remained the s<JT\e between the two dendrograms. Inclusion of 
rare species also decreased the average similarity between groups from 54.0% to 
47.4% for the June 1975 sampling period. Thereafter, dendrograms were 
constructed using only the common species since dendrograms with and without 
rare species preserved the major faunistic similarities, and their inclusion greatly 
increased both computation time and computer memory storage. 
The most striking feature of the dendrograms is the evidence of a persistent 
dichotomy separating the lower intertidal area from the middle area during all 
surveys. This break occurred between sites 5 and 6 in June 1975 and September 
1975, and between sites 6 and 7 during February 1976 and June 1976. The June 
1976 survey had a greater abundance of comn1011 algal associated species such as 
Allorchestes angusta, Photis brevipes, Exogo~ lourei and Nebalia pugettensis 
which strengthened the lower intertidal association. 
A separation of the very highest intertidal fauna from the middle grouping was 
evident during all bvt the September 1975 survey. Only one persistent species, 
the isopod Excirolana kincaidi, appeared at the highest elevation bvt was never 
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found lower in the intertidal. The Thallassinid Calianassa californiensis was also 
a camman inhabitant in this upper area, but it is a deep burrowing species and 
was never captured in the core samples. 
The average similarity between sites and groups of sites dropped considerably 
during February 1976 (45%-25%). There was a greater number of common 
species at this time but individuals were much less dense in comparison with the 
other surveys. A total of 13 common species had densities from I 00-500/m2 
during February, while 5.7 was the mean number of common species in this range 
for the other seasons. 
AI though three major groupings and several minor ones resulted from the 
clustering, the sites were best arranged in transect order from high to low 
elevation. There was no single fixed ordering for the sites, but in nearly all cases 
the first order clusters occurred between adjacent sites indicating that the 
groups are not distinct entities, but grade into one another. To graphically 
demonstrate this, coefficients of similarity were plotted in coenocline similarity 
projections (CSPs) (Figures 9-12). Boesch (1977) projected similarities starting 
from both extremes of a gradient which yielded a single graph showing changes in 
both directions. His technique worked well for 6-10 sampling sites, but graphs 
with intersecting projections from 15 sites were too cluttered to easily extract 
information. For this reason, separate comparisons were made from low to high 
sites (alpha-CSP) and from high to low sites (beta-CSP) by plotting them on 
separate axes. 
The slope of a projection line indicates the relative rate of change between the 
similarities of adjacent sites. A gradual and continual change in faunal 
composition is reflected in the mostly parallel lines and general lack of crossing 
over between them. The grouping of sites 1-5 on the beta-CSP for June 1975 
(Figure 9b) demonstrates both the separation of the lower intertidal fauna from 
the upper areas and the gradual change ascending the elevation gradient. The 
zone of accelerated change between sites 5 and 6 revealed in the June 1975 
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FIGURE 8A 
DENDROGRAM FOR ALL SAMPLED SPECIES DURING JUNE 1975 COMMUNITY SURVEY 
Sites A-D located on transect in subtidal region 
0 
d 




















0 0 0 9. 




SPECIES USED IN SIMILARITY ANALYSIS FOR JUNE 1975 COMMUNITY SURVEY 
Species types as in Table I. D!M 2 =mean density per 1.0 m2 for sites present; 
max. =site of maximum density; unique =species found only above (H) or below (L) ecotone 
Species type d/m 2 II unique max 
I. Leptochelia dubio T 9891 15 8 
2. Exogone lourei p 2372 14 8 
3. T ransenne II a sp. B 1167 13 7 
4. Lumbrinereis zonata p 1092 12 13 
5. Notomastus tenuis p 903 5 
6. Paraphoxus spp. A 875 7 10 H 
7. Corophium spp. A 769 14 II 
8. Transennel/a tantil/a B 665 II 9 
9. Axothe/la rubrocincta p 658 3 
10. Haploscoloplos elongatus p 301 9 10 
II. Phoronopsis viridis F 251 8 II H 
12. Mediomastus californiensis p 219 15 2 
13. Cume/la vulgaris c ISO 6 4 
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FIGURE 8B 
DENDROGRJIM FOR CGr'-ffiN SPEC! ES SPMPLED DURING JUNE 1975 COI1'1UN ITY SURVEY 
"Common" defined as density > 100/n? 

























SPECIES USED IN SIMILARITY ANALYSIS FOR SEPTEMBER 1975 COMMUNITY SURVEY 
Legend as in Table 2a 
Species type d/m2 fl max unique 
I. Leptochelia dubio T 8090 II 5 
2. Nebalia pugettensis L 2170 5 4 
3. Allorchestes angusta A 1438 6 5 
4. Platynereis biconaliculata p 1154 7. 5 
5. Tronsennello sp. B 749 13 8 
6. Transennella tontillo B 740 12 9 
7. Corophium spp. A 652 7 5 
8. Exogone lourei p 586 8 10 
9. Phoronopsis viridis F 578 6 8 H 
iO. Lumbrinereis zonoto p 591 12 13 
I I. Aorides columbioe A 390 3 5 L 
12. Hoploscoloplos elongatus p 293 12 12 
13. Notomastus tenuis p 246 6 
14. Nephtys caecoides p 175 13 
33 
FIGURE 8c 
DENDROGRAM FOR COMMON SPECIES SAMPLED DURING SEPTEMBER 1975 COMMUNITY SURVEY 






















SPECIES USED IN SIMILARITY ANALYSIS FOR FEBRUARY 1976 COMMUNITY SURVEY 
Legend as in Table 2b 
Species type d/m 
2 II unique max 
I. Leptochelia dubio T 17,S26 9 3 
2. Exogone lourei p 336S 7 s 
3. Platynereis bicanaliculata p 2061 7 2 
4. Transennella tantilla B 963 14 9 
s. Corophium spp. B S80 8 6 
6. Lumbrinereis zonate p 311 12 13 
7. T ransenne II a sp. B 310 IS 13 
8. Phoronopsis viridis F 303 8 13 H 
9. Cumella vulgaris c 271 s 6 
10. Aorides columbiae A 20S s 3 L 
I I • Macoma nasuta B 189 13 7 
12. Haploscoloplos elongatus p 177 12 10 
13. Armandia brevis p 164 7 2 
14. Paraphoxus spp. A 1Ei4 8 7 
IS. Notomastus tenu is p 147 10 
16. Axiothella rubrocincta p ill4 4 L 
17. Mediomastus californiensis p 123 12 
18. Nephtys caecoides p 100 9 9 
3S 
FIGURE 8o 
DENDROGRAM FOR COMMON SPECIES SAMPLED DURING FEBRUARY 1976 C~~UNITY SURVEY 
























SPECIES USED IN SIMILARITY ANAL YSJS FOR JUNE 1976 COMMUNITY SURVEY 
Legend as in Tobie 2b . 
Species type d/m 
2 
II unique max 
I. Leptochelia dubio T 17,618 10 5 
2. Allorchestes ongusto A 1623 6 5 
3. Photis brevipes A 1254 6 2 L 
4. T ronsennel Ia sp. B 1097 13 7 
5. Exogone Jourei p 951 77 
6. Tronsennelio tontillo B 896 14 8 
7. Neboiio pugettensis L 547 3 3 L 
8. Porophoxus spp. A 456 9 8 
9. Phoronopsis viridis F 431 6 I I H 
10. Aorides coiumbiae A 417 6 
Jl. Excirolono kincoidi 267 2 14 H 
I 2. Lumbrinereis zonate p 252 10 9 
I 3. Hoploscoioplos elongotus p 230 7 14 
14. Mediomostus californiensis p 197 8 10 
I 5. Macomo nosuto B 182 12 10 
I 6. Notomostus tenuis p Jl4 9 
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FIGURE 8E 
DENDROGR!IM FOR CQM\'ON SPECIES SMlPLED DURING JUNE 1976 COM'1UNITY SURVEY 



















a-COE~OC!..li:-JE SIMILARITY PRC\JECTION 
JUNE 19/)'COMMUNITY SURVEY 
FIGURE 9B 
8-COENOC!..lNE SIMILARITY PROJECTION 
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FIGURE lOA 
a-COENOCLINE SH1ILARITY PROJECTION 
SEPTE.t-1BER 1975 Wt1UNITY SURVEY 
FIGURE lOB 
B-COENOCLINE SIMILARITY PROJECTION 
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a-COENOCLINE SIMILARITY PROJECTION 
FEBF:UARY l97b CQ''MUNITY SURVEY 
FIGURE 1lB 
S-COENOCLIN!; !21MILARITY PROJECTION 
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JUNE 9 6 CO' 'NUN ITY SURVEY 
FIGURE J2B 
S-COENOCLINE SimLARITY PROJECTION 
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dendrogram (Figure Sa) is most evident in the corresponding olpha-CSP (Figure 
9a). An upward inflection at site 15 (Figure 9b) was caused mainly by a greater 
abundance of Corphium sp. and Transennella sp. here as compared with the 
adjcx:ent site 14. 
A distinct lower grouping is revealed in the September 1975 and June 1976 alpha-
CSPs (Figures lOa, 12a) by the restricted envelope of similarities, particularly in 
com par is on with the higher sites. A group of closely associated sites in the high 
intertidal was most evident during the February 1976 survey. Sites 9-12 in 
particular shared a major portion of the Phoronopsis viridis, Lumbrinereis zonate 
and Hoploscoloplos elongatus resulting in a close grouping of these sites. 
D. VERTICAL DISTRIBUTION OF INF AUNA 
During the June 1975 survey, the greatest abundance of infauno was found in the 
top 2.5 em of sediment, and the top 5.0 em often held over 90% of all animals 
sampled (Figure 13). If Leptochelia dubio, the numerically dominant species, 
were included in these percentages, all but a few percent of the total fauna 
would have occurred in the top 2.5 em. Phoronopsis viridis was also excluded 
from the calculations because the vertical orientation of their bodies spanned 
several depth ranges, down to 15-20 em in some individuals. Table AS lists the 
abundances and depth ranges of all species sampled during the survey. 
In all three major areas of the transect fewer than 10% of the individuals were 
found below 10 em. Deep burrowing bivalves such as Tresus nuttallii, Macoma 
secta and Saxidomus nuttalli, and the Thallassinids Upogebia pugettensis and 
Calianassa californiensis were present in the s·tudy area but not collected in the 
20 em deep cores. 
The depth distributions of five common species are presented in Figure 14. 
Haploscoloplos elongatus reached a maximum density between 5-10 cni below the 
surface whereas all of the remaining species were most abundant above 2;5 em. 
About 30% of the Lumbrinereis zonate were found between 2.5-5.0 em with 
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FIGURE 13 
PERCENT ABUNDANCE OF INFAUNA VS, DEPTH BELOW SEDIMENT SURFACE 
FOR THREE A~EAS ON LAWSON'S FLAT TRANSECT, JUNE 1975 
Leptochelia dubia and Phoronopsis viridis excluded. 
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VERTICAL DISTRIBUTION OF 5 INFAUNAL SPECIES IN JUNE 1975 
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abundances decreasing dawn to 20 em. Corophium spp. are surface tube dwelling 
amphipods and were virtual! y absent below 2.5 em. Paraphoxus spp. was found no 
deeper than 5.0 em and the bivalve Transennella spp. also inhabited the surficial 
sediment layer almost exclusively. 
E. SEDIMENT COMPOSTION 
Mean particle size and percent silt content changed abruptly between sites 7 and 
5, forming a physical ecotone along the 15 meter distance (Figure IS}. A more 
rapid slope at this point {Figure lb} indicated greater wa.~e scouring, perhaps 
contributing to the difference in sediment quality. The upper and middle 
transect areas were characterized by find sands, average size about .15 mm with 
less than I% silt content. Sediment became muddier below the ecotone with up 
to 4% silt content by weight. In addition, a greater percentage of organiomineral 
aggregates were present in the lower, muddier sediments on Lawson's Flat 
{Weinberg, pers. com.}. 
The reducing layer as a function of depth below the sediment surface for each 
site is platted in Figure 16. Layering became indistinct above site I 0 where the 
coarser grain size, greater sediment porosity and increased current velocities 
contributed to a thicker surface layer of oxidized sediment. A range of apparent 
change between layers is given for bath these higher sites and also below site 3 
where layering was indistinct. Generally, the reducing layer was closest to the 
surface at sites lower in the intertidal. 
F. PREDATOR EXCLUSION EXPERIMENTS 
Although monthly samples were taken in each experimental area, only the 
mimals from the final survey in August 1976 were identified and enumerated. 
Table A4 lists abundances of those species present in the control and 
experimental areas. Forty-nine species were encountered during the survey of 
which 13 were unique below the ecotone and 10 above the ecotone {Tables 3a, b). 
Most of the species unique to caged plots were very uncommon. Four species 
were found which hod not been sampled in the community surveys (Hemipodus 
borealis, Alderia modesto, Pagurus granosimanus, Pleusymptes subglaber). 
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A mixed-model two level nested onalysis of variance revealed a significant 
increase in the abundance of the amphipod Allorchestes angusta inside the upper 
caged areas as compared to the control sites. Both Corophium spp. and 
Leptochelia dubio decreased significantly inside the caged areas (Tables 4, 5). 
There was no added variance component among replicate areas, so abundances 
could be pooled for further onalysis of high and low faunal differences. In all 
cases the abundances were square root transformed to normalize the data. 
Differences in the abundances of top ranking species were also tested using a 
two-way analysis of variance with tidal level and predator exclusion as 
treatments. These results are summarized in Table 5 with completed ANOVAs in 
T abies A I a-f. 
The damp weight biomass of Enteromorpha spp. was significantly correlated with 
A. angusta abundance in the experimental treatments (Figure 17). The generally 
higher algal density inside the upper caged areas was undoubtedly an added 
effect to the predator exclusion treatment. Allorchestes angusta is found almost 
exclusively in association with filamentous algae on Lawson's Flat. 
48 
FIGURE 16 
REDUCING LAYER AS A FUNCTION OF DEPTH BENEATH SEDII1ENT SURFACE 
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TABLE 3a 
SPECIES UNIQUE TO EXPERIMENTAL AREAS BELOW ECOTONE 
inside outside 
Species type cage cage 
Ampelisca pugettica A X 
Armandia brevis p X 
Caprella spp. Cp X 
Cerebratulus californiensis N X 
Dorvillea rudolphi p X 
Eupolymnia crescentis p X 
F abricia berkeleyi p X 
Harmathoe lunulata p X 
lschyrocerus spp. A X 
Metaphoxus spp. A X 
Paranemertes peregrina N X X 
Pectinaria californica p X 
Spiophanes missionensis p X 
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TABLE 3b 
SPECIES UNIQUE TO EXPERIMENTAL AREAS ABOVE ECOTONE 
inside outside 
Species type cage cage 
Hemipodus borealis p X 
Modiolus carpenter i B X 
Mytilus edulis B X 
Pagurus granosimanus An X 
Paraphoxus spp. A X 
Phoronopsis viridis F X 
Polydora socialis p X X 
Protothaca staminea B X 
Pseudopolydora kempi p X 
Pseudopolydora paucibranchiata p X X 
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TABLE 4 
SUMMARY OF TWO-LEVEL NESTED ANALYSIS OF VARIANCE 
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SUMMARY OF TWO-WAY ANALYSIS OF VARIANCE BETWEEN EXPERIMENTAL TREATMENTS 
AND SELECTED SPECIES, TOTAL NUMBER OF INDIVIDUALS AND DIVERSITY (H') 
Tidal Predator 
Component level exclusion Interaction Conclusions 
Allorchestes ongusto 33.80*** 9 .16** 4.42** Greater abundance inside cages above 
ecotone. 
Corophium spp. 23.68*** 9.07** 8.15** Fewer inside cages above ecotone. 
Leptochelio dubio 23.33*** 2.80 (ns) 9.00** Greater abundance below ecotone out-
side cages. 
Tronsennello tontillo I. 09 (ns) II. 79*** 3.20 (ns) More abundant outside cages. 
Tronsennello sp. 15.35*** • 92 (ns) • 15 (ns) More abundant above ecotone. 
total no. individuals .04 (ns) .49 (ns) .49 (ns) No differences. 
diversity * * NT Decreased diversity inside cages above 
ecotone. 
F .os< 1 ,24) = 4.26 F.01 <1,24l = 7.82 F.OOI(I,24) = 14.0 
FIGURE 17 
CORRELATION BETWEEN AWLORCHESTES ANGUSJA ABUNDANCE 
AND ENIEROMORPHA SPP, BIOMASS IN EXPERIMENTAL CORES 
., -0 a. 
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VI. DISCUSSION AND CONCLUSIONS 
The general causes far the observed distribution, abundance and variation of 
macrofauna on Lawson's Flat may include the following: 
I) inter- and intraspecific competition for surface space and 
food (Whitlatch 1977); 
2) predation by shorebirds (Goss-Custard 1977, Prater 1971 ), 
fish (Aievizon 1975), crabs (Virnstein 1976, Young and 
Young 1977) and infaunal predators (Roe 1976); 
3) population reproductive success and successful establish-
ment of larvae and juveniles (Woodin 1976); 
4) extent of parasitic infestation on host populations 
(Howege 1976); 
5) the physical environment and the individual's physio-
logical-behavioral responses (Green and Hobson 1970, 
Nichols 1970); 
6) physical disturbances, their frequency and the direction of 
recolonization (Connell and Slayter 1977). · 
The sampling program was not designed to document seasonal changes in the 
fauna, but some population fluctuations were detected over the four surveys. 
For example, Lumbrinereis zonata decreased substantially from June 1975 to 
June 1976 and never recovered to its initially sampled maximum density. The 
amphipod Photis brevipes appeared in great numbers during the June 1976 survey 
but was nearly absent in June of the previous year. McCall (1977) points out that 
opportunistic species (e.g. Photis) are by definition most variable in time and 
space whereas sedentary (e.g. Phoronopsis) or deep burrowing species (e.g. 
Haploscoloplos) are more predictable. Seasonal clustering of species was .found 
during a two year study on sandflats in Barnstable Harbor (Whitlatch 1977) but 
the dramatic seasonal weather fluctuations in the northeast would explain such 
changes. An unusually mild winter in northern California during the study period 
may have resulted in abnormal population fluctuations of some species. 
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Reducing the community data by using a similarity analysis proved useful by 
revealing zonation trends along the tidal elevation gradient. It also demon-
strated that most adjacent sites along the gradient had the highest similarities. 
Day, et a!. ( 1971) found thot a similarity analysis of I 0 benthic stations across 
the continental shelf grouped adjacent stations together. Other studies have 
pointed out the gradational nature of soft substrate environments (Johnson 1971, 
Eagle and Hardiman 1977) even though the cluster analysis artificially divides the 
fauna into distinct groupings. Holland and Dean ( 1977) observed the continuous 
nature of macrofauna! distributions on intertidal sandbars, yet they delineated 
four discrete faunal assemblages along the elevation gradient. The results of the 
present study confirmed Hummon's (1974) test of the same similarity coefficient 
on an intertidal sandy beach transect. 
The juxtaposition of subtidal and lower intertidal sites in June 1975 indicates 
that the fauna below MLLW were not dependent upon slight elevation changes as 
were the higher sites. This could be interpreted as evidence in support of 
Sander's (1958) hypothesis of the physically controlled -biologically controlled 
continuum of community organization. Assuming less stressful physical 
conditions at the lowest sites, competitive interactions would produce a 
"biologically occomodated" community with increased patchiness. The physical 
predicability of higher sites may actually be greater, however, since disturbances 
from bat ray (Myliobatis californica) feeding, tidal currents md algal growth 
occur more often below MLL W. Johnson viewed patchiness on Lawson's Flat as a 
temporal mosaic of succession from disturbmces such as these. 
Another test of the similarity coefficient was how well it linked sites based on 
relative abundances of common species. Exo,gone lourei, Platynereis bicanali-
culata and h· dubio dominated the February 1976 fauna, whereas most of the 
other common species were considerably less abundant thm during ather surveys. 
Consequently, a low average inter-cluster similarity (25.5%) resulted from the 
low density of mast species. Perhaps with this comparatively sparse fauna, more 
species were able to exploit the surface space or other resources occupied by the 
dominants occurring during the other surveys. A close comparison between the 
two differently constructed June 1975 dendrograms also demonstrated the 
effectiveness of the coefficient in accurately describing the survey data. 
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The coenocline similarity projection of coefficients (Boesch 1976) complemented 
the clustering technique by graphically demonstrating the gradual rate of 
faunistic composition change along the elevation gradient. Boesch applied his 
analysis to the benthic fauna on an est urine salinity gradient, describing gradual 
changes as well. 
An important finding from the similarity analysis was the isolation of a faunistic 
ecotone separating a middle from a lower assemblage during all surveys. I have 
avoided naming specific zones or assemblages based on the presence of one or 
more dominant species as has been the case in previous studies of zonation. 
Although an ecotone was isolated, many of the lower intertidal species were 
present in the upper "zone" but in fewer numbers. Some species are definitely 
more likely to be found at certain tidal heights, but there is horizontal variation 
within a tidal height as well. "Gradation" rather than "zonation" is the key 
concept. 
The presence of Ulva spp. and Enteromorpha spp. had a marked influence on the 
observed ecotone especially during the February and June 1976 surveys. Howege 
(1976) also observed that seasonal changes in algal cover were correlated with 
changes in the abundances of herbivorous polychaetes on Lawson's Flat, but the 
herbivores probably do nat graze the algae enough to inhibit its rapid seasonal 
growth. The algae provides protection and food for the abundant epifaunal 
amphipods Allorchestes angusta and Photis brevipes, but may inhibit the feeding 
and tube building of the suspension feeders Corophium spp. and !::.· dubio. 
Abundances of both these species decreased in the enclosed experimental cages 
where Enteromorpha became more dense. It is probable that dessication or tidal 
currents restricted the upper limits of the Enteromarpha and Ulva at the 
ecotone, thus restricting the abundant epifauna which contributed to the 
persistent lower intertidal cluster. 
Changes in sediment compositon at the ec(ltone contributed to the differing 
faunal compostion as well. The correlation between sediment parameters and 
certain benthic feeding tYPes has been well documented (Cassie and Michael 
1968, Rhodes and Young 1970). Suspension feeders such as Phoronopsis viridis 
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and Transennella spp. inhabited the higher, sandier areas with deposit and surface 
detritus feeders such as Axiothella. rubrocincta and Armandia brevis inhabiting 
lower areas. A rapid change in grain size and silt content also meant a greater 
density of floc aggregates at lower sites. The nature and variation of surface 
particulate matter available for food is an important limiting factor for deposit 
feeders (Johnson 1977). 
Perhaps in response to the concentration of surface food particles, the greatest 
abundance of animals were found in the top 2.5 em of sediment. Earlier vertical 
zonation studies (Johnson 1967, Jones 1961) yielded similar results. Myers (1977) 
found 85% of the species in his Rhode Island study site inhabiting the upper 2 em, 
with the notable exception of the burrowing sea cucumber Leptosynapta tenuis 
and polychaete Scoloplos robustus. Axiothella rubrocincta and Haploscoloplos 
elongatus were the deepest living polychaetes sampled on Lawson's Flat. The 
vertical distribution results strongly suggest that surface space is a limiting 
resource for tube dwelling suspension feeders, bivalves with emergent siphons 
and motile surface feeding species. These categories encompasses the vast 
majority of animals on the sandflat. 
Biomass was variable between high and low elevations but the highest sites 
consistently had less biomass due to the sparse fauna. In general, a greater 
abundance of individuals and species were found in the lower area, but there 
were no statistical differences in biomass compared with the middle sites. In 
addition to the few replicates per site, the presence of the bivalves Mocoma 
spp., Protothaca staminea and the large polychaete Eupolymnia crescentis 
contributed to the high variability. The highest concentration of food resources 
for shorebirds and fish appears to be in the lower area where b· dubio and 
gammaridean amphipods predominate. 
From studies of the rocky intertidal it is known that changes in exposure time 
can be responsible for limits of algal and faunal distributions due to temperature, 
dessication or wave shock tolerances (see Lewis 1964). Biological interactions 
are superimposed over these physical conditions and together determine the 
outcomes of recruitment, and consequently the abundance and distribution of 
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adult populations. Unfortunately, the predation hypothesis stated in Chapter 2 
was not adequately tested due to uncontrollable treatment effects. Scouring 
beneath the cages without sides and an increased algal density inside totally 
caged areas confounded interpretation of the results. 
Other caging experiments performed on soft substrates (Virnstein 1976, Young et 
al. 1976) have been successful in documenting decreases in infaunal diversity as a 
result of predator exclusion. A combination of laboratory and field experiments 
by Reise (1977) demonstrated that predation by young crabs, shrimp and gobiid 
fishes was an important determinant of the macrofauna! assemblage in an 
intertidal mudflat on the North Sea. In the present experiment, I believe a 
combination of factors contributed to the increased density of Allorchestes 
angusta inside caged areas as compared to control areas. A slightly increased 
growth of Enteromorpha occurred inside the cages, perhaps due to a reduced 
current flow, and the opportunistic amphipods exploited the increased resource. 
Then, while reproducing inside the caged areas, they received refuge from fish 
and shorebird predators. 
L. Stenzel and G. Page (pers. com.) have found A. angusta to be a common food 
item in both the Least Sandpiper (Erolia minutilla) and the Western Sandpiper 
(Erunetes mauri). Both species were observed picking food items from 
Entermorpha around the refuge and in the control areas. Allorchestes angusta 
has a lime green integumental pigment which affords it almost perfect 
protective coloration. This is indirect evidence for its palatability to predators. 
Amphipods are known to comprise a major pc1rt of shorebird diets (Recher 1966, 
Reeder 1951, Davidson 1971 ). Additionally, Alevizon ( 1975) found that 
amphipods comprised over 1/3 the diet of some surfperch, another common 
inhabitant observed feeding over the study area during high tide. 
The measured diversity within caged areas decreased mainly due to the increased 
density of A. an gust a. This is in accordance with Paine's ( 1966) original 
hypothesis that "local species diversity is directly related to the efficiency with 
which predators prevent the monopalizaticn of the mojor requisites by one 
species." Nevertheless, diversity measurements alone may be misleading, as in 
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the exclosure experiments by Reise { 1977) where caged and uncaged plots did not 
differ in diversity. Faunal composition, however, changed considerably under 
predation-free conditions as the surface dwelling species increased in relative 
abundance. The actual magnitude of the predation pressure by shorebirds and 
fish was unclear in the present study, but recent caging studies have underlined 
the importance of predators in the regulation of opportunistic prey populations 
{Young and Young 1977). 
The abundance of shorebirds, crabs and fish on Lawson's Flat must directly affect 
the distribution and abundance. of adult prey populations. The importance of 
larger predators has been demonstrated experimentally by Virnstein { 1976). The 
present experimental design only excluded predators larger than I em but smaller 
predators may have an even greater impact on prey populations. For example, 
the shorecrab Hemigrapsis oregonensis was observed feeding on the common 
bivalve Transennella tantilla in the study area, and S. Karl {pers. com.) has found 
54% h· dubio by number in the diets of the common cottid Leptocottus armatus. 
The nemertean Paranemertes peregrina, sampled in the lower study area, is an 
active predator on several species of polychaetes {Roe 1976). Reise {1977) 
concluded that the smaller predators probably exert a greater pressure on 
macrofaunal populations than do the shorebirds and large fish. 
Growing experimental evidence should clarify the relative importance of the 
variety of predators in soft substrate intertidal communities, however, Whitlatch 
{1977) has shown that resource partitioning and interspecific competition 
between deposit feeders contributes significantly to observed patterns of 
intertidal sandflat diversity. Simple field experiments alone are not likely to 
resolve the complexities of benthic community organization along clines. 
Further understanding will require detailed life history studies of the component 
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SUMMARY 
Fifteen sites along a vertical intertidal transect were sampled for 
macrofauna four times over the yeor from June 1975 to June 1976 on 
Lawson's. Flat, Tomales Bay, California. 
Faunal data were analyzed within surveys using similarity analysis by 
clustering coefficients into dendrograms and arranging into coenocline 
similarity projections. 
From over 82 species identified, the tanaid Leptochelia dubio numerically 
dominated all surveys with Exogone lourei, Transennella spp., Corophium 
spp., Lumbrinereis zonata, Phoronopsisvrrldis and Paratfioxus spp. ranking 
highest in mean abundance. 
A persistent dichotomy in faunal compositon occurred at about the +0.3 m 
tidal level and was designated as an ecotone. 
Sediment grain size and algal coverage changed rapidly at the ecotone with 
the algal associated species strengthening the lower intertidal faunal 
grouping. 
Although zonation was noted, gradation in faunal composition described 
changes from high to low elevations more accurately. 
A predator exclusion experiment consisted of caging over areas of the flat 
above and below the ecotone and monitoring faunal changes over four 
months from April to August 1976. 
The cryptic amphipod Allorchestes an~usta increased in abundance signifi-
cantly inside upper caged areas, w 1ile diversity inside decreased in 
accordance with predator-prey theory. 
Increased algal density and protection from shorebird and fish predators 
were the apparent causes for the increased amphipod abundances as 
compared with control areas. 
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APPENDIX 
Analysis af variance tables; species abundance tables for community surveys, 
experimental treatments and vertical sectioning samples 
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TABLE Ala 
TWO WAY ANOVA FOR ALLORCHESTES ANGUSTA IN PREDATOR 
EXCLUSION EXPERIMENT 
Source of Variation df ss MS Fs 
Tidal level 269.91 269.91 33.80*** 
Predator exclusion 73.17 73.17 9 .16** 
Interaction 35.31 35.31 4.42* 
Error 20 159.71 7.99 
Total 23 538.10 
F.05( I ,24)= 4 •26 F.OI (I ,24)=7 •82 F.OOI(I,24)= 14 •0 
67 
TABLE Alb 
TWO WAY ANOVA FOR COROPHIUM SPP.IN PREDATOR 
EXCLUSION EXPERIMENT 
Source of Variation df ss MS 
Tidal level 58.79 58.79 
Predator exclusion 22.50 22.50 
Interaction 20.24 20.24 
Error 20 49.65 2.48 
Total 23 151.18 








TWO WAY ANOVA FOR LEPTOCHELIA DUBIA IN PREDATOR 
EXCLUSION EXPERIM~NT 
Source of Variation df 55 MS 
Tidal level 150.83 150.83 
Predator exclusion 18.12 18.12 
Interaction 58.22 58.22 
Error 20 129.32 6.47 
Total 23 356.49 








TWO WAY ANOVA FOR TRANSENNELLA TANTILLA IN PREDATOR 
EXCLUSION EXPERIMENT 
Source of Variation df ss MS Fs 
Tidal level .99 .99 I.IO(ns) 
Predator exclusion 10.67 10.67 II. 79** 
Interaction 2.90 2.90 3.20(ns) 
Error 20 18.10 • 91 
Total 23 32.66 
F.OS( I ,24)= 4 •26 F.OI (I ,24)=7 •82 F.OOI(I,24)=l 4 •0 
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TABLE Ale 
TWO WAY ANOVA FOR TRANSENNELLA SP. IN PREDATOR 
EXCLUSION EXPERIMENT 
Source of Variation df ss MS 
Tidal level 20.01 20.01 
Predator exclusion 1.20 1.20 
Interaction .20 .20 
Error 20 26.08 1.30 
Total 23 47.49 







TWO WAY ANOVA FOR ALLORCHESTES ANGUSTA IN PREDATOR 
EXCLUSION EXPERIMENT 
Source of Variation df ss MS 
Tidal level .27 .27 
Predator exclusion 3.72 3.72 
Interaction 3.73 3.73 
Error 20 151.74 7.59 
Total 23 159.46 








TWO LEVEL NESTED ANOVA, ALLORCHESTES ANGUSTA 
IN UPPER TREATMENT AREA 
Source of variation df ss MS 
Among cages 104.88 104.88 
Among replicates, within 
cages 2 10.19 5.09 
Within replicates 8 115.22 14.40 
Total II 230.29 





TWO-LEVEL NESTED ANOVA, COROPHIUM SPP. 
IN UPPER TREATMENT AREA 
Source of variation df 55 MS 
Among cages 42.78 42.78 19. 93* 
Among replicates, within 
cages 2 4.29 2.15 .55(ns) 
Within replicates 8 RJ1 3.90 
Total II 78.26 
F 05(1 2) = 18.5 . ' 
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TABLE A2c 
TWO LEVEL NESTED ANOVA, LEPTOCHELIA DUBIA 
IN UPPER TREATMENT AREA 
Source of variation df ss MS 
Among cages 70.67 70.67 
Among replicates, within 
cages 2 3.84 1.92 
Within replicates 8 10.38 1.30 --
Total II 84.89 





SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n=3), Survey 2 =September 1975 (n=2), 
Survey 3 = Febrl.'ory 1978 {n=3), Survey 4 = June 1976 (n=3) 
Mean abundance per core at each site, Lawson's Flat transect. 
15 14 13 12 II 10 9 8 7 6 5 4 3 2 
PROTOZOA 
Elphidium crispum I 1.3 .7 .7 1.0 .3 .7 .7 .3 
2 .s 1.0 .s 
3 .3 .3 
4 .3 
CNIDARIA 




-.j PLATYHELMINTHES 0) 
Stylochus fronsiscanus 2 .s 
NEMER TEA 
Cerebrotulus californiensis 2 .s .s .s .s 
4 .3 .3 .3 
Nemer tea unld. (green) 2 .s 
3 .3 
4 .3 
Paronemertes peregrina 3 .7 .7 
4 .3 .3. .7 .3 
ANNELIDA 
Anaitides williamsi I .3 .3 .7 
2 2.0 
3 .3 .7 1.7 .3 
Armcndio brevis I .3 
2 .s 2.0 .s .s 
3 ".3 .3 1.0 2.0 1.7 3.3 .7 
4 .3 1.7 
• 
TABLE A3 (CONT.) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n:::3), Survey 2 = September 1975 (n=2) 1 
Survey 3 = February 1978 (n::3), Survey 4 = June 1976 (n=3) 
Mean abundance per core at each site, Lawson's Flat transect. 
IS 14 13 12 II 10 9 8 7 6 5 4 3 2 
Axiothella rubrocincta I .3 3.6 5.0 
2 .5 .s 
3 .3 .7 1.7 2.0 
4 1.0 1.7 .3 1.7 1.3 2.0 
Boccordio proboscidea 3 .3 
Bronio sp. 4 .3 1.0 
Capitella copitota I .3 
3 1.7 
4 .3 .3 1.7 
Chone mallis I .3 
2 1.5 
3 1.7 .7 .3 
4 1.3 .3 .3 
...... 
...... Cirr iformia spirobroncha 3 .3 .7 
4 .3 
Dorvillea rudolphi 2 .5 
3 .3 .3 .3 .3 
4 .3 .3 
Eteone californico 2 1.0 
Eumida bifoliata I .3 
Eupolymnio crescentis I 2.0 
2 1.0 
3 .3 .3 1.3 .3 
4 .3 
EXogooe lourei I 1.7 2.0 9.3 11.3 11.0 5.0 46.7 33.3 5.7 16.3 38.0 24.7 32.0 30.7 
2 9.0 7.0 2.5 3.0 4.0 3.0 
3 2.7 12.7 37.3 33.7 32.7 37.0 35.0 
4 4.0 2.7 3.7 8.3 7.0 6.3 11.0 
Fabricio berkeleyi 2 .5 
4 .3 .3 
TABLE A3 (CONT. ) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n=3), Survey 2 =September 1975 (n=2), 
Survey 3 =February 1978 (n=3), Survey 4 =June 1976 (n=3) 
Mean obundcince per core at eoch site, Lawson's Flat transect. 
15 14 13 12 II 10 9 8 7 6 5 4 3 2 
Glycinde armigero I .3 .3 .J 1.0 .7 .7 
2 .5 .s .5 .5 .5 1.0 .5 .5 .5 
3 .7 .7 .3 .3 1.0 1.0 .3 .3 1.0 
4 ,3 .3 .3 1.0 .7 .7 .3 
Haploscoloplos elongotua I 5.7 2.7 3.0 6.3 1.3 1.0 
2 3.0 3.5 2.0 2.5 2.0 3.5 1.5 
3 .3 2.3 2.3 3.0 2.7 2.0 1.0 1.0 .3 1.7 .3 .3 
4 1.0 1.3 1.7 1.0 1.3 3.0 1.3 1.0 .7 
Hormathoe lunulota 3 .3 
Lumbrinereis zooota I 2.0 10.7 19.7 25.7 24.7 11.0 6.0 4.3 5.0 2.3 .7 ,3 
2 1.5 3.5 11.5 10.0 2.0 6.0 5.5 3.0 5.0 6.0 3.0 
3 .7 5.0 5.7 2.3 4.3 3.7 1.3 1.7 2.0 2.3 1.0 .3 
4 1.0 3.3 2.0 .7 .7 .3 2.0 5.7 .7 .3 
..... 
Mogelona pitelkoi 3 .3 (I) 
Mediornostua californiensis I .3 .7 .7 1.7 2.0 1.3 .3 1.0 1. 7 2.0 4.0 3.0 .7 5.6 1.7 
2 .5 .5 1.0 .5 .5 1.0 .5 1.0 .5 
3 .7 .3 .3 1.0 .3 .3 2.0 1.3 1.0 .3 .7 3.7 
4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .7 .7 
Nephtys caecoides 2 .5 . 1.0 1.0 2.0 1.0 2.5 1.5 2.0 1.0 1.5 .5 1.0 3.0 
3 1.0 1.0 1.7 .3 .7 .7 .3 1.0 .7 
4 .7 .3 .3 .3 .3 .3 .3 .7 1.3 
Nereis spp. 4 .3 
Notomastus tenui.s I .7 1.0 1.0 1.7 3,0 
2. .5 2.5 3.0 1.0 .5 4.5 
3 .3 .3 1.7 .7 .3 2.0 1.0 .7 2.3 2.7 
4 .3 .3 .7 .J .7 1.0 1.0 .7 3.3 . 
Oiigochoete unid. A I .3 .3 .3 1.0 .3 
Pectinario californiensis 3 .3 .3 .3 
Plotynerei$ bicanaliculotu 2 .5 1.0 34.5 7.0 7.5 6.5 a.5 
3 ~ .J 1.7 21.0 14.7 16.3 41.0 22.7 
4 .7 
PoJydora brochycephola· I 
3 




Primospio cirrifero 3 
Pseudopolydora kempi 2 
3 
...a Pseudopolydoro pouei-branchlato 2 co 3 
4 
Pygospio colifomica 4 
Spio filicornis 4 
Spiophanes berkeleyorum 2 
Stebiospio benedicti 3 
Terebellidae unid. 4 
ARTHROPODA 
Allorchestes angusta 2 
4 
Ampel!sco milleri 4 
Ampelisca pugettica I 
Amphithoe lacertooa 4 
15 
.3 
TABLE AJ (CONT.) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n=3), Survey 2 =September 1975 (n=2), 
Survey 3 =February 1978 (n~3), Survey 4 =June 1976 (n=3) 
Meon abundance per core at each site, Lawson's Flat transect. 






6 5 4 3 2 
.7 .3 
.3 .7 
.7 1.7 1.0 .3 .3 
1.0 












1.0 22.0 16.0 8.0 14.5 8.5 
34.0 38.7 3.7 2.0 
.3 2:0 5.0 
.3 
2.0 2.0 2.0 1.3 4.7 4.3 
TABLE A3 (CONT.) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n:3), S•Jrvey 2 =September 1975 (n=2), 
Survey 3 =February 1978 (n=3), Survey 4 =June 1976 (n=3J 
Mean c.bundariCe per core at each site, Lawson's Flat transect. 
IS 14 13 12 II 10 9 8 7 6 s 4 3 2 
Amphithoe simulans 4 .7 .7 
Aorides columbioe 2 s.o 3.5 1.0 
3 .3 .3 1.3 5.3 1.0 
4 .3 .7 2.0 1.0 7.3 9.0 
C~rello spp. 2 .s .s .s 
4 .7 .3 I. 7 
Corophium spp. I 2.0 1.3 2.7 8.3 27.0 5.3 3.7 7.6 13.3 s.o 3.7 .3 3.0 .3 
2 .s .s .s 2.5 6.0 10.5 16.5 
3 .7 .3 5.3 22.3 6.3 .3 2.0 .3 
4 .3 2.0 .3 .3 1.7 5.3 42.7 67.3 51.7 3.0 4.0 4.0 4.0 
Ct..mella vulgaris I 1.0 .7 .7 1.7 1.3 1.3 1.0 
(l) 3 .3 .3 .3 4.7 5.3 
0 4 .3 .3 1.3 
Ericfhonius spp. 3 .3 
Excirolono kincoidi I .3 
4 .7 3.7 
Hemigropsus oregooensis 2 .s 
3 .3 .3 .3 
4 .7 .3 .7 
Heptocorpus spp. 2 .s 1.0 .s 
lschyrocerus spp. 2 ,5 
Leptoc:helio dubio I .3 .3 .3 9.0 31.7 22.3 46.7 125.3 96.7 86.7 184.7 201.6 171.0 107.0 123.0 
2 5.5 1.0 1.5 40.5 55.5 88.0 245.0 72.5 121.0 72.5 20.5 
3 1.7 60.7 130.3 202.0 234.0 236.0 250.0 105.3 62.7 
4 .7 12.0 53.0 128.3 247.0 272.0 169.0 257.0 158.0 132.0 
Lysia"'ISSQ spp. 3 .3 
Metuphoxus spp. I .3 .3 
3 .3 .3 1.0 
4 .3 .3 1.0 2.0 
Nebalin pugettensis 2 II .0 33.5 1.5 28.0 14.0 
3 1.0 .3 .3 1.3 
.4 1.7 4.0 s.o 
TABLE A3 (CONT.) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n=3), Survey 2 = September 1975 (n=2), 
Survey 3 =February 1978 (n=J), Survey 4 =June 1976 (n=3) 
Mean abundiJnce per core at eoch site, Lawson's Flat transect. 
15 14 13 12 II 10 9 8 7 6 5 4 3 2 
-
Parophoxus spp. I 1.7 9.0 2.0 11.7 6.0 II. 7 7.6 
2 2.0 4.5 7.0 4.5 7.0 7.5 3.0 
3 .3 .3 .3 1.3 2.0 2.3 3.7 .3 
4 .3 1.3 1.3 2.7 12.7 9.0 5.3 .3 .3 
Photis brevipes I .7 
2 3.0 .5 
3 .7 1.3 .3 1.0 
4 1.0 3.3 4.7 3.0 17.7 15.7 
Pimixo longipes I .3 
Scleroplax gronuloto I .3 
Synchelidium shoemokeri 3 .3 
Tisbe furcata 3 .3 
!!:! 
MOLLUSCA 
Clinocordium nuttolli 3 .3 
Lyoosio colifornico 4 .3 
Mocomo nasuto I .3 .3 .3 
2 I.Q 1.0 .5 1.0 1.0 1.5 
3 .3 .7 1.3 2. 7 2.0 2.0 2.7 1. 7 1.0 1.0 .3 2.7 1.7 
4 .3 1.7 1.7 3.0 1.3 2.3 2.0 .7 1.3 1.0 1.0 .7 
Mocomo secta 2 .s 
3' .3 .3 .3 1.0 
4 .3 .3 
Modiolus carpenteri I .3 
-Musculus senhousi~.· •4_:- ;3 
• 
Musculus senhousio I .3 
Mytilus edulis 3 ·~ .3 
4 .3 
15 
No.ssarius fossatus 4 
Nossarius mendicus I 




Saxidomus nuttaJi 3 





T;ansennello sp. I 7.1 
1\J 2 1.5 3 2.7 
4 
PHRONIDA 





Clevelandio ios 3 
TABLE A3 (CONT.) 
SPECIES LIST FOR ALL COMMUNITY SURVEYS 
Survey I = June 1975 (n=3), Survey 2 =September 1975 (n=2), 
Survey 3 =February 1978 (n=3), Survey 4 =June 1976 (n=3) 
Meon abundance per core at each site, LoW$001s Flat transect. 








1.3 7.3 9.0 10.7 11.7 7.0 8.3 2.0 
.5 1.5 9.0 10.0 22.0 9.0 12.0 2.0 
1.3 4.0 7.3 15.0 23.3 19.3 23.3 4.3 
.3 .3 2.3 5.7 5.0 15.0 19.7 19.3 10.7 
2.0 o.o 10.0 14.7 9.3 15.0 10.7 19.7 13.3 
.5 o.o 9.5 6.5 11.5 8.5 19.0 li.5 7.0 
.7 li.3 3.0 .7 4.0 4.0 li.O 2.7 .7 
.3 5.0 3.3 3.0 5.3 5.0 16.0 23.3 17.7 
2.3 2.3 2.7 3.3 2.3 2.7 ..3 
3.0 6.5 4.0 7.5 9.0 5.5 1.5 
2.7 5.3 2.0 5.0 3.3 4.0 1.7 .7 
1.7 3.7 6.7 4.3 3.3 1.3 
s 4 3 2 
.3 
.3 1.0 .3 
1.5 2.0 2.0 .s 
1.0 2.7 3.0 2.0 2.0 
2.0 3.0 5.7 8.7 2.0 
6.7 3.0 5.0 
1.5 .5 .s 
1.0 1.3 1.3 1.3 •. 3 






















MASTER SPECIES LIST FOR PREDATOR EXCLUSION EXPERIMENT 
ON LAWSON'S FLAT, AUGUST 1976 
Mean abundance per core for experimental and control plots. 
Refer to Figure I for locot!ons of designa1ed plots. 
HA-CDN ~ HB-CDN ~ b&£Q!::! ~ LEI-CON J&&b 
NEMER TEA 
Cerebrotulus californiensis 










F obricio berkeieyi 
Clycinde ormigero 











Notomostus tenuis 5.3 
Pectinaric. californiensis 
Plotynereis bicona/iculota .3 
Polydoro socio/is 
PseudopolydorO kempi 
Pseudopolydorll poucibronchiota .7 
Spiophones missionensis 
PH OR ONIDA 





















































































- _,; (CONT.) 
HA-C ON ~ !:ill:fQtl. 
1 
ARTHROPOUA 
Allorch~stes angusto 92.7 245.3 63.3 
l Ampelisca pugettica Ampithae simulans 2.0 11.3 1.3 Aor ides columbiae 1.7 2.7 1.0 
l Coprella spp. 
j Corophium .spp. so.3 7.0 37.7 
l 
Hemigropsus oregmensis .3 
lschyrocerus spp. 
Leptoche/io dubia 189.3 85.0 168.0 
Metophoxus spp. 
Nebalio pugettensis 9.3 31.3 15.0 
Pog1Jrus granosimanus .3 
I Poropr.oxt.•s spp. 2.3 PIY-lri.s brevipes 1. 7 
i a> Pieusymptes subglober .3 .3 I. 7 
' -&> ~ 
l MOLLUSCA 
l Aldet ia modest a .7 2.0 
:~ 
Mocoma nosuto .7 
Mocomo secto .3 
Modiolu:o carpenteri 
Myti!us edulis .3 
~ Protothaca stominea .3 T rcnsennello tantillo 3.7 1.3 1.3 
' Tr~Ua sp. 18.3 13.7 10.0 ' ' I
j , 
' 
. .., .. 
- l 
1 
~ ~ ~ 
210.3 19.3 25.7 
.3 
2.7 .7 8.7 
.7 3.7 4.0 
.7 
15.7 7.0 4.3 
1.0 
.3 
60.3 227.3 237.3 
16.7 19.0 40.0 
.7 1.3 4.7 
.7 
3.0 1.0 
.3 1.3 1.0 
.3 
.3 
.7 12.0 .7 
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TABLE AS 
SPECIES UST MD ABSO'-UTE ABUNDANCES FOR VERTICAL DISTRIBUTION OF SPECIES IN SECTIONAL CORES AT EACH TRANSECT SITE, JUNE 1975 
Depth Classes (em); I = surface -2.5, 2 = 2.5 - 10.0, 3 = 5.0- 10.0, 4 = 10.0- 15.0, 5= 15.0- 20.0 
SiTES IS 14 13 12 II 10 




Axiotheilo rubrocincta I 
Cq>itello copitoto I 
Eupolymr,io crescentis 
Excgoo~ lourei 2 5 16 I 5 
Glycir.de ormigero I 
Hapioscoplos elongotus I 4 2 I 2 I I I I 2 2 
Lumbrinere~s zonate I I 10 7 14 4 8 10 3 I I 20 II 2 2 8 I 
MediomastL•S colifomienais 
Notomastus rtmliis I 2 I 
Oligochae1e unid. 4 I 
AmpeHsca spp. 
Corophium S!JP. 
Cumella vulgaris I 12 I 13 5 
Leptochelio dubio I II 3 II I I 
' Metaphoxus spp. 
-Pctophoxus spp. 
Pimixo longipes I 
Protothaca :;tamineo 
Tmnsennella tontillo II 10 9 
Tronsennella ~· li 2 7 II I 9 



























SPECIES LIST AN) ABSOLUTE ABUNDANCES FOR VERTICAL DISTRIBUTION OF SPECIES IN SECTIONAL CORES AT EACH TRANSECT SITE, JUNE 1975 
Depth Classes (em): I = surface -2.5, 2 = 2.5 - 10.0, 3 = 5.0 - 10.0, 4 = 10.0- 15.0, 5= 15.0 - 20.0 
SITES 9 8 7 6 5 4 
I 2 3 4 5 I 2 3 4 5 I 2 3 4 s I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 
Edwardsio sp. 
Cerebratulus californiensis 
Anaitides williamsi I 
Axiothella rubrodncto 
Capitella copitota 2 3 
E""olymnio ci-escentis 
Exogme lourei 3 6 16 3 5 8 4 
Glycinde ormigera I I 
Haploscoplos elongafU$ I I I I I 
Lumbrinereis zonata I 2 2 I I 2 I 
Mediomcstus californiensiS 3 
Nolcmastus tenuis I I I I 3 
Oligochaete unid • I 6 I I I I I 
Ampelisca spp. 
Corophium spp. 5 I 3 12 I s s 
Cumella vulgaris I 
Leptochelio dubio 3S 5 
' 
6S I 60 I ISO I 138 105 
Metaphoxus spp. 
Paraphoxus spp. 3 4 
Pimixo longipes I 
Protothaca staminea I 
Tronsennella tontillo 10 6 9 3 
Tron~nnella sp. II 4 I 13 10 4 I 






















































SPECIES LIST AI-D ABSOLUTE ABUNDANCES FOR VERTICAL DISTRIBUTION OF SPECIES IN SECTIONAL CORES AT EACH TRANSECT SITE, JUNE 1975 
Depth Cla$Ses (em): I = surface -2.5, 2 = 2.5- 10.0, 3 = 5.0- 10.0, 4 = 10.0- 15.0, 5= 15.0- 20.0 
SITES .3 2 
I 2 3 4 5 I 2 3 4 5 I 2 3 4 s 
Edwardsio sp. I 
Cerebrotulus californiensis I 
Ancitit!es williomsi I I 
Axiothello rubrocincto 2 2 7 
Capitella capitata 
Eupolymnio crescentis I 
Exogooe lourei II 2 I 22 
Glycinde armigera I I 2 






Oligochoete unid. 4 I 5 13 7 4 
Arnpe/isco spp. I 
Cumello vulgaris I 
Leptochelia dubio 125 12 I 30 10 2 55 
Matophoxus spp. 2 
Porophoxus spp. 
Pimixo lo .. ;gipes I 
Protothoco stomineo 
Tronsennello tontillo I 
Tronsennello sp. 4 
Phoronapsls viridis l 
~ 
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